Seawater and shellfish samples collected in the vicinity of a marine sewage outfall were examined for the incidence of antibiotic resistance among coliform and fecal coliform bacteria over a 2-year period. Seventy percent or more ofthese two groups of bacteria from both sources were resistant to one or more antibiotics. Forty-five percent of the isolates resistant to streptomycin or tetracycline were capable of transferring all or part of their resistance pattern to an antibiotic-susceptible strain of Escherichia coli K-12.
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Antibiotic resistance, mediated by extrachromosomal elements or R factors, is widespread among the Enterobacteriaceae (22) . R factors may mediate resistance to as many as eight antibiotics simultaneously and confer resistance to heavy metals such as nickel, mercury, and cobalt (17) . They are transmissible among gram-negative bacteria such as Escherichia coli, Salmonella, and Shigella and to other unrelated bacteria such as Pseudomonas aeruginosa (5) .
The widespread use of antibiotics in agriculture and medicine is accepted as a major selective force in the increasing reports of high incidence of antibiotic resistance among gram-negative bacteria (2, 15) . Coliform bacteria, generally regarded as nonpathogenic indicators of pollution (9) , are often used to study the bacteriological quality of water and foods. It has been demonstrated that antibiotic-resistant coliform bacteria from effluents and land runoff eventually may enter marine receiving waters (7, (18) (19) (20) .
Filter-feeding shellfish such as scallops and oysters tend to concentrate bacteria from overlying waters (16) , and experimentally contaminated oysters have been shown to retain Salmonella typhimurium for up to 49 days (11) . As shellfish are often consumed raw or after minimal cooking, they may serve as a vehicle for transmission to humans of antibiotic-resistant bacteria carrying R factors.
In many countries, the bacteriological qualjity ofedible shellfish is based upon coliform and fecal coliform standards, but little work has been done to determine the incidence of antibiotic resistance among coliform bacteria from such sources.
This study was undertaken to investigate the incidence of antibiotic resistance among coliform and fecal coliform bacteria in samples of seawater and shellfish collected near a city sewage marine outfall. This outfall in Tasman Bay, New Zealand, was commissioned in 1970 and serves the city of Nelson (population, approximately 31,000), discharging about 5 x 106 liters of comminuted raw sewage per day, mainly from domestic sources. Samples were primarily collected for most probable number (MPN) coliform and fecal coliform enumeration to monitor and gauge the extent of pollution of shellfish beds in the vicinity of the outfall.
MATERIALS AND METHODS Sampling. Seawater and shellfish samples were collected at approximately 8-week intervals over a period of 2 years from each of eight locations. Four locations, each approximately 3,000 feet (ca. 900 m) apart, were on an arc of a radius 5,000 feet (ca. 1,500 m) from the end of the outfall pipe; the other four locations, similarly arranged, were 10,000 feet (ca. 3,000 m) from the outfall pipe. From each location, at each sampling visit, two water samples were taken, one just below the surface, the other just above the seabed, which varied between 55 feet (ca. 16 m) and 75 feet (ca. 23 m) deep. Shellfish were gathered and placed in plastic bags for transport to the laboratory. Samples were processed within 2 h of collection.
Isolation of bacteria. Shellfish samples were prepared for MPN testing in accordance with methods recommended by the American Public Health Association (1) . MacConkey broth (Oxoid CM5a) was used as the presumptive medium for both shellfish and water samples and was incubated at 37 + 0.5 C for 48 + 2 h. For some seawater samples, duplicate sets of minerals-modified glutamate medium (Ox-ANTIMICROB. AGENTS CHZMOTHER.
tive coliforms. Tubes showing positive fermentation were subcultured into brilliant green bile (Oxoid; BGB) broth and incubated at 37 + 0.5 C for 48 ± 2 h to confirm the presence ofcoliform bacteria. Positive presumptive tubes were also inoculated into a further tube of BGB broth and a tube of tryptone water (Difco), and both media were incubated at 44.5 + 0.2 C for 24 ± 2 h. Growth and gas production in BGB broth were considered positive for fecal coliform bacteria. The tryptone water was tested for production of indole with Kovacs reagent, and a positive result in both BGB broth and tryptone water was considered positive for E. coli (14) . To isolate coliform bacteria in pure culture, gas-positive tubes of BGB broth were streaked on MacConkey agar (Oxoid CM7) and incubated at 37 ± 0.5 C for 18 + 2 h. One representative lactose-positive colony of each morphological type was purified by restreaking on the same medium.
Antibiotic susceptibility testing. Antibiotic resistance patterns of all isolates were determined by overlaying measured 10-ml antibiotic-free MuellerHinton agar (Difco) plates with 0.1 ml of a 24-h nutrient broth culture (Oxoid CM67) in 2.5 ml of molten soft agar (0.6% Davis agar). Antibiotic-impregnated paper disks were placed on the surface of the inoculated plates and incubated at 37 ± 0.5 C for 18 ± 2 h. Isolates were recorded as "resistant" when there was no inhibition of growth around the edge of the disk and as "exhibiting partial resistance" when the zone of inhibition was significantly reduced compared with a control antibiotic-susceptible E. coli strain. The following antibiotics were used to determine patterns of resistance (concentration in micrograms per disk): ampicillin, 10; cephalothin, 20; chloromycetin, 10; gentamicin, 10; kanamycin, 10; nalidixic acid, 5; paramomycin, 10; streptomycin, 10; sulfafurazole, 250; tetracycline, 10; and trimethoprim, 2.5 (all from BBL); and rifampin, 5 (from Difco). Representative isolates were subsequently identified by methods outlined by Edwards and Ewing (6) .
Transfer of antibiotic resistance. A random selection of the lactose-positive, antibiotic-resistant isolates susceptible to nalidixic acid were used as prospective donors of resistance to an antibiotic-susceptible F-derivative ofE. coli K-12, J6-2pror trp-hislacu, resistant to 50 ,ug of nalidixic acid per ml.
Matings were done by mixing 0.1 ml of logarithmic donor culture with 1.0 ml of overnight recipient culture in 5.0 ml of nutrient broth, and the mixed culture was incubated for 2 h on a rotating turntable at 37 C. This short time of mating, in comparison with overnight incubation of the mixed donor and recipient cultures used by others (12, 21) , was chosen in order to concentrate on isolates likely to be derepressed (13) and capable of transferring their resistance determinants under less favorable conditions in the natural environment. The mixed culture was then vigorously shaken with a Rotamixer to separate mating pairs and diluted in buffer, and 0.2-ml volumes were plated in soft-agar overlays on minimal medium fully supplemented with amino acids required by the recipient strain and containing 50 ,±g of nalidixic acid per ml and a single appropriate antibiotic, chloromycetin, streptomycin, tetracycline, or kanamycin, at a concentration of 20 ,ug/ml. The media used were selective for antibioticresistant recombinants of J6-2, since growth of the prospective donor was prevented by nalidixic acid and growth of the recipient was prevented by the presence of an appropriate antibiotic. After incubation at 37 ± 0.5 C for 72 h, recombinants were purified by restreaking on the same selective medium. The antibiotic resistance pattern of at least five recombinants was determined as described above to ascertain whether all or part of the antibiotic resistance pattern of the donor had been transferred to the recipient. Controls with donor strains carrying wildtype R factors, Rl, R64, and R144 (13), resistant to the appropriate antibiotic, were included with each set of mating experiments.
RESULTS MPN values. Samples of seawater and shellfish taken on two occasions, 4 months apart and 6 months before the outfall was commissioned, showed no contamination with fecal coliform bacteria and extremely low MPN values for presumptive coliforms (i.e., <20/100 ml or 100 g, respectively).
After the outfall was commissioned, considerable fluctuation was recorded in MPN values, particularly for seawater samples, between the various locations and between different sampling dates. This was in large part dependent on wind and current direction over the sampling area, causing variations in the dispersal of the sewage. MPN values for fecal coliforms from the shellfish samples, using MacConkey broth, have shown a gradual increase over the period of study. A mean MPN value of 60 fecal coliforms/100 g of shellfish was obtained over the first year of the study, with values ranging between 5 and 160/100 g on different sampling dates. During the second year, the mean MPN value increased to 225 fecal coliforms/100 g of shellfish. The use of minerals-modified glutamate medium in parallel tests on seawater gave significantly higher MPN presumptive coliform counts, which were subsequently confirmed as fecal coliforms and E. coli, by comparison with results in MacConkey broth. However, Table 1 presents mean MPN values for seawater samples from MacConkey broth alone. The MPN presumptive coliform index was less than 1/100 ml for 40.6% of the surface-water samples and 52.8% of the deep-water samples.
In the shellfish samples, the decrease in MPN values for confirmed coliforms as compared with presumptive coliforms (false-positive presumptives) can be explained by substrate fermentation of glucose in the shellfish tissue.
Antibiotic resistance in isolates from sea- Table 2 . b NT, Not tested. Table 2 . b NT, Not tested.
among coliform bacteria from shellfish samples was 88.7% (Table 4) . Of the fecal coliforms, 72.8% were antibiotic resistant (Table 5 ), a frequency similar to that found in both coliform and fecal coliforms from the seawater samples. Only two isolates were chloromycetin resistant and nalidixic acid susceptible, and neither transferred their chloromycetin resistance determinant. No explanation can be offered for the fact that no isolates transferred resistance to kanamycin despite extensive retesting. This result was unexpected as a high incidence of transferability (>60%) among kanamycin-resistant coliform bacteria isolated from polluted river water was shown by Grabow et al. (8) . Similar minimum inhibitory concentrations to kanamycin were exhibited by isolates from seawater and shellfish when compared with wildtype R factors R144 and R163 (M. Cooke, unpublished data). Cephalothin resistance did not transfer as an unselected marker from any donor strain resistant to this antibiotic. DISCUSSION The high incidence of antibiotic resistance among both coliform and fecal coliform bacteria from seawater and shellfish samples taken The results reported in this paper confirm that survival and dispersal of antibiotic-resistant coliforms and fecal coliforms occur in polluted seawater, as previously demonstrated (7, 19, 20) . Feary et al. (7) found that about 20% of resistant fecal coliforms from fresh water and salt water contained R factors, but unfortunately no direct comparison with the results obtained here is possible, as these investigators made no distinction between the two water sources. Smith et al. (20) demonstrated that there was no significant change in the ratios of presumptive fecal coliforms and presumptive fecal coliforms carrying R factors determining ampicillin resistance several miles from a marine sewage outfall. Moreover, the results reported in the present paper show that the filter-feeding shellfish tend to concentrate coliform bacteria, since MNP values for deep-water samples were considerably lower than those for the shellfish. Over the period of study, only two deep-water samples exceeded an MPN value of 70 presumptive coliforms per 100 ml, a value currently used in the classification of shellfishgrowing waters into the "approved category" (10).
Since oysters and scallops are often eaten raw or after minimal cooking, the results reported emphasize that this is a potential public health hazard. Antibiotic-resistant bacteria, including those infectiously resistant by virtue of a transmissible R factor, usually outnumber pathogenic bacteria in waste waters and sewage effluents. In this investigation no Salmonella bacteria were isolated from shellfish samples (Cooke, unpublished data). Ingestion of Rfactor-carrying coliforms by humans may lead to transfer of resistance to the normal intestinal flora or to a susceptible pathogen. Although the minimal infective dose required to establish R+ strains may be numerically large (9, 15, 22) , considerable numbers of coliform and fecal coliform bacteria could be ingested from contaminated shellfish and be sufficient for transient colonization ofthe intestinal tract, even in the absence of antibiotic therapy.
Limited studies of certain lactose-negative isolates and of isolates representative of the normal bacterial flora of the shellfish which were capable of growth at 11 C and 15 C have shown that the majority of these bacteria also exhibit multiple antibiotic resistance, in some cases to as many as eight of the antibiotics used in the screening test (Cooke, unpublished data).
Sewage treatment plants, although often reducing the number of coliform bacteria in effluents, are not selectively effective in removing antibiotic-resistant bacteria (21) . Authorities responsible for establishing and maintaining water and shellfish quality criteria should take into account the likely significance to public health of multiple antibiotic resistance among coliform and fecal coliform bacteria. However, it has also been demonstrated that 79% of the coliform bacteria isolated from mussels collected from freshwater lakes known to be remote from important sources of human and animal pollution were resistant to one or more antibiotics (4). Furthermore, antibioticresistant fecal coliforms may have a selective advantage once disseminated into natural waters. (M. Cooke, N.Z. J. Mar. Freshwater Res., in press).
